The use of regional anaesthesia has increased recently in paediatric practice [1] [2] [3] [4] [5] [6] . Caudal anaesthesia has been used in newborn subjects [4, 5, 7] , while spinal anaesthesia has been used in premature infants [1, 2] . The dose and concentration of the local anaesthetic has been based on either the child's weight [3, 4, 7] or its age [8, 9] . None of these studies compared the characteristics (onset, quality and duration) of nerve blockade in this age group with that of an adult. The effect of increased age on dose requirements for extradural [10, 11] and spinal [12] [13] [14] anaesthesia is not clear, and there is a need to compare the sensitivities to local anaesthetic, of the nerves of different age groups.
This study has investigated the effect of age on local anaesthetic sensitivity using an in vitro mammalian nerve preparation. Utilizing the comparative biological data of man and experimental animals [15, 16] , nerves from rabbits of varying ages were studied which were comparable to young, adolescent and adult age groups. We also examined the relative electrophysiological properties of myelinated and unmyelinated fibres in the rabbit vagus nerve by comparing the conduction velocities (CV) and amplitudes of the compound action potential (APc) of the A, B and C fibres in the three age groups. as representative of a 15-20-yr-old person. The 4-week old, recently weaned rabbits were considered to be the equivalent of a 1-3-yr-old child. The average life span in man is 73 yr [16] , while that reported for rabbits varies greatly, from 2 [15] to 13 [16] yr. The 36-month-old retired breeders, the oldest obtainable from the breeding laboratories, were considered to represent adult human beings.
SUMMARY Using an in vitro nerve preparation, we have studied the relative electrophysiological properties of myelinated and unmyelinated nerve fibres in the vagus nerve of 1-, 9-and 36-month-old rabbits and their sensitivity to local anaesthetic. The baseline (values before infusion of local anaesthetic) mean amplitude and conduction velocity (CV) of the compound action potential (APc) were recorded and the nerve was exposed to a range of concentrations (0.5-4.0 mmol
The [17] .
The nerves were cleaned of adventitious tissue by microdissection, and mounted on a nerve chamber with the sheath intact. The design of the nerve chamber, the procedure for nerve stimulation and recording of the APc have been described previously [17] . In brief, the nerve was stimulated at one end by passing current between two platinum electrodes in contact with the nerve at points separated by 2.5 mm in a zone isolated from the test pool, which contained the control or anaesthetic-containing solution. This pool extended over a 5-cm length of nerve and contained the two recording electrodes, also of platinum wire, and spaced at 4.0 and 4.7 cm from the nearer stimulating electrode. The stimulus was a square wave supplied by a Grass S48 stimulator (Grass Instrument Co., Quincy Ma), of duration 0.05 ms for A fibres, 0.1 ms for B fibres and 1.0 ms for C fibres, and of a strength 1.5-2 times that required to elicit a compound action potential of greatest amplitude for the respective fibre types.
The The sequence of lignocaine concentration tested was randomized using a random number generator. Fresh Liley and lignocaine solutions were prepared each day.
In each experiment, a baseline period of 30 min assured stability of the APc, during which time the Liley solution perfused the nerve at 0.5 ml min" 1 . Following this, a solution of lignocaine in Liley perfused the nerve at 0.5 ml min" 1 for at least 30 min or until equilibrium block occurred. Equilibrium block was considered to have been attained when the change in the amplitude of the APc was 5 % or less for 10 min. Only one nerve was'tested at each lignocaine concentration. After equilibrium block, the nerve was washed with the Liley solution until 80 % of the baseline amplitude of the APc was restored.
Differences in the baseline mean amplitudes and mean CV of the APc of the A, B and C fibres (values after 30 min of measurement in Liley's, before lignocaine infusion) between the three age groups were compared by analysis of variance and Bonferroni correction of the unpaired Student's t test [18] . To determine the relative changes between the A and C fibres, the ratio of the amplitude of the A to the C fibre elevation in the three age groups was obtained.
The percent decrease of the APc amplitude from control values during equilibrium block was determined after each experiment. Dose-response curves for each nerve fibre type were generated after log-probit transformation, using those data pairs with which there was less than 100% blockade. This transformation converts a sigmoid curve to linearity in the 1-99 % response range. The method of least squares analysis was used to plot linear regression lines and to derive the ED 50 , the point of 50% depression of the APc amplitude. Differences between the responses of the A, B and C fibre elevations across the three age groups were determined by analysis of covariance [19] .
RESULTS
The mean amplitude of the A fibre elevation of the 1-month-old rabbits was significantly (P<0.05) smaller (47-53%) than those of the other groups. The mean amplitude of the C fibre elevation in the 1-month-old rabbits was significantly (P < 0.05) greater (43%) than that in the 9-month-olds, but not different from that in the adult rabbits (table I) . There was no significant difference in the mean amplitude of the B fibre elevations between the three age groups or of the A and C fibre elevations between the adolescent and adult rabbits. The increase in the amplitude of the A fibres, coupled with the decreased amplitude of the C fibre elevations produced an increased A:C ratio (270%) as the rabbits reached adulthood (table I) .
The CV of the A and B fibres in the 1-monthold rabbits were significantly (P < 0.05) slower (58-62 %) than those of the other two age groups. There was no significant difference in the CV of the C fibres between the three age groups or in the CV of the A and B fibres between the adolescent and adult rabbits (table II) .
The compound action potentials of the A fibres in the 1-month-old rabbits were blocked completely by lignocaine concentrations of 2 mmol litre" 1 or greater, those of the 9-month-old rabbits by lignocaine 2.5 mmol litre" 1 or more, and those (table III) . The slopes (means (SD)) of the log-probit linear regressions for the A fibres ( fig. 1) for the 1-, 9-and 36-monthold rabbits were 2.5 (0.33), 2.06 (0.32) and 1.81 (0.38) (correlation coefficients were 0.96, 0.94 and 0.91), respectively. The ED 50 values of lignocaine for A fibres in the 1-, 9-and 36-month-old rabbits were 0.66, 0.94 and 0.85 mmol litre" 1 , respectively. The A fibre elevations of the 1-month-old rabbits were more sensitive to lignocaine than those of the 9-month-old (P < 0.05) and the 36-month-old animals (P < 0.05). The responses of the A fibres of the 9-and 36-month-old rabbits were not significantly different (P > 0.05).
There was an increased block of the nerve action potential of the B fibres with higher concentrations of lignocaine, except in the 1-month-old rabbits, in which one nerve exhibited extreme sensitivity (100% block after 20min exposure) to lignocaine 1.25 mmol litre" 1 ; it recovered to 100% of its baseline APc value after washout of lignocaine (table IV). The B fibre action potentials were abolished completely in the 1-and 36-month-old rabbits by lignocaine concentrations of 2.5 mmol litre" 1 or more; that of the 9-month-old, by 3.5 mmol litre" 1 or more. The slopes (mean (SD)) of the B fibre linear regression ( fig. 2) for the 1-, 9-and 36-month-old rabbits were 1.31 (0.58), 1.63 (0.37) and 1.58 (0.17) (correlation coefficients 0.68, 0.86 and 0.97), respectively. The ED 50 values of lignocaine for the B fibre elevations in the 1-, 9-and 36-monthold rabbits were 0.74, 1.21 and 0.82 mmol litre" 1 , respectively. The B fibres of the 36-month-old rabbits were significantly (P < 0.05) more sensitive to lignocaine than those of the 9-month-old rabbits. The B fibre responses between the 1-and 9-month-old and the 1-and 36-month-old rabbits were not statistically different (P > 0.05).
Greater degrees of blockade of the C fibres were noted in the 1-and 36-month-old rabbits (table  V) . The slopes (mean (SD)) of the linear regression for the C fibres ( fig. 3 ) in the 1-, 9-and 36-monthold rabbits were 1.18 (0.18), 1.28 (0.12) and 0.98 (0.08) (correlation coefficients 0.91, 0.96 and 0.96), respectively. The ED 50 values of lignocaine for the C fibres in the 1-, 9-and 36-month-old rabbits were 1.50, 2.44 and 2.07 mmol litre" 1 , respectively. The dose-response relationships for the C fibre elevations from the three age groups were found to be significantly different {P < 0.05) from each other (1 v. 9 months; 1 v. 36 months and 36 v. 9 months).
DISCUSSION
The compound action potential is a complex electrical signal comprising the sum of potential changes between the recording electrodes resulting from electrical current flow. Each fibre in the nerve generates an extracellular current depending both on its passive electrical properties (membrane and axoplasmic resistance, and membrane capacitance) and on the density of ionic channels and thus of active currents. The portion of this current that flows between the two recording electrodes is dependent further on the resistive and capacitative properties of the whole nerve, the position of the particular fibre within the bundle, and the position and electrical characteristics of insulating adventitia, such as the perineurium. Furthermore, fibres of different conduction velocities deliver action current to the recording electrodes at different times, the compound action potential summing these signals to yield a net potential from all individual fibre currents dispersed by their various arrival times and durations.
As we used 1.5-2 times supramaximal stimuli, we assume that we excited all the fibres. Although we do not know the intrinsic passive electrical properties of the vagus nerves from the animals of different ages, their overall diameter was approximately the same and the interstitial space in fixed tissue, judged by examining the histological data from de Neef, Jansen and Versprille [20] , was equally comparable. Therefore, we assume that the amplitude of the APc increases with the number of fibres conducting, although possibly in a disproportionate manner, as neither the extent of dispersion nor the action current per fibre is known.
We found an increase in the amplitude of APc elevations of myelinated relative to non-myelinated fibres with age (table I). The greater amplitude of the A fibre elevation in the 9-and 36-month-old rabbits may result from a greater number of myelinated fibres in these age groups. In a study of the developmental morphology of the rabbit vagus nerve, de Neef, Jansen and Versprille [20] found that the relative number of myelinated fibres increased from 2% at birth to 6% at 15 days and 9% in adult rabbits. Alternatively, the APc elevations could also increase because of an age-related reduction in the degree of dispersion; the conduction velocities in myelinated fibres of 9-month-old rabbits may have been more uniform than those in 1-month-old animals if, for example, the density of sodium channels or the extent of myelination varied more in the younger animals.
A decrease in the amplitude of the compound action potential with advancing age has been observed in man [21] [22] [23] . This is probably related to a decrease in the number of nerve fibres with ageing [20] [21] [22] [23] [24] . However, in the present study the amplitude of the A, B and C fibres in the 9-and 36-month-old rabbits were not statistically dif-ferent (table I) . Our results agree with those found in other experimental animals. Birren and Wall [25] found no change in the refractory period (size and duration of the action potential) of the sciatic nerve between the 300-day-old and 850-day-old rats. In a review of the pathophysiology of neuronal ageing, Ritchie [24] noted differences in the results between human and animal studies. Change in compound action potential amplitude with ageing is less in experimental animals compared with man. Results reported for man, however, are not unequivocal. Lehman, Muche and Schutt [21] observed that there was no significant relationship between the refractory period (latency and amplitude of the test response) of the sural nerve action potential and advancing age up to 70 yr.
The increases in the conduction velocities of the A and B fibres from the 1-month to the 9-month rabbits (table II) are consistent with the findings of de Neef, Jansen and Versprille [20] . The increase in the conduction velocity is thought to be related to an increase in nerve fibre diameter-that is, extent of myelination [20, 26] . In our study, the CV of the C fibres in the three age groups were found to be the same. Unmyelinated nerve fibres achieve their maximum conduction velocities at an earlier age; the CV of the unmyelinated nerve fibres were found to be the same in the 15-day-old compared with the adult rabbit [20] .
The changes in CV seen with ageing are different in humans compared with experimental animals [24] . In man, there is a reduction of CV with increased age [23, [27] [28] [29] . The magnitude of the change, however, is small [24] . The slowing in conduction velocity with age is probably a result of selective disappearance of the larger diameter fibres [30, 31] . This may also result from a decrease in internodal length, with an increased number of potassium channels appearing at newly formed nodes after spontaneously occuring demyelination followed by remyelination [24] . This decrease in CV was not seen in rats: CV values for the 350-day and 650-day-old rats were 59 m s" 1 and 60 m s" 1 , respectively [25] . The CV in the rat nerve apparently increases as the animal reaches maturity, after which it remains the same [24] . Our study showed this occurred with the B and C fibres of rabbits. The insignificant slowing of CV of A fibres in the 36-month-old rabbits may reflect an initial diminution of the larger diameter fibres with increased age [30, 31] .
We observed that, in general, the APc was more sensitive to lignocaine in the nerves from the youngest animals than in those from the older ones. The reduction in APc produced by drugs may be caused by at least two factors: extinction of impulses in some individual fibres and differential slowing of conduction in others, resulting in greater dispersion. We noted that the relative increase in latency with equal doses of lignocaine was the same among nerves from animals of all three ages and thus we conclude that whatever further dispersion resulted during lignocaine block was not the cause of the greater sensitivity of the youngest nerves.
The A fibres of the 1-month-old rabbits were more sensitive to lignocaine than those of the two older age groups. This may result from incomplete axonal growth with less myelination in the young rabbits. Our findings confirm an earlier study of in vitro compound action potential on desheathed dog sciatic nerves: the ED 50 of lignocaine for the A fibres was 120 umol litre" 1 for the neonatal (24-96-h-old dogs) nerves and 280 umol litre" 1 for the adult nerves [32] . Although the degree of blockade of the B fibres of the 1-month-old rabbits was greater than in the 9-month-olds, the difference did not reach statistical significance (P = 0.106).
Experience with spinal anaesthesia in premature and high risk infants showed remarkable cardiovascular stability: no episode of hypotension or bradycardia was noted [1, 2] . The same stability was found after caudal anaesthesia in children, despite high levels of blockade [4] . McGoon stated that arterial pressure was more stable in younger children [4] . The C fibres of the 1-month-old rabbits were found to be more sensitive to lignocaine. Penile nerve block in children for circumcision and hypospadias repair has provided pain relief for as long as 24-48 h [3, 6] .
The B and C fibres in the 36-month rabbits were more sensitive to lignocaine than those in the 9-month-old. In older patients, faster onset and higher levels of nerve blockade have been observed after spinal and extradural anaesthesia [10, 12, 14] , resulting in an increased frequency and a greater degree of hypotension [14] . This greater sensitivity may reflect diminution in the number and diameter of the nerve fibres from vascular insufficiency, repeated trauma, toxic effects of compounds and diseases common in the adult [24] .
In clinical practice, factors other than increased intrinsic sensitivity of the nerve may play a role. Differences in the level, intensity and duration of nerve blockade may also result from differences in vascular supply, capacity of the extradural space, patency of the intervertebral foramina, inflammation of or fibrosis within the nerve roots, and the amount of extradural fat and venous and lymphatic plexuses [10, 11, 33, 34] .
